Previous electrophysiological studies have proposed that taste responses to MSG may be mediated at least partially through Na+ channels sensitive to amiloride and sweet receptors sensitive to both pronase E, a pro teolytic enzyme, and gurmarin, a plant peptide isolated from Gymnema sylvestre (2) . Pronase E, entire sweet re sponse inhibitor in rats and mice (3, 4) , partially sup presses the chorda tympani (CT) nerve response to MSG and a mixture of MSG and IMP in mice (2) More recently, molecular, electrophysiological, and behavioral studies have also proposed the involvement of at least two types of glutamate receptors: group III metabotropic receptor (mGluR4) and ionotropic (NMDA) receptor. Evidence for the possible involvement of mGluR4 initially derives from studies showing ex pression of mGluR4 specifically in rat taste buds and be havioral taste similarity among MSG and L(+)-2 -amino-4-phosphonobutyrate (L-AP4), an agonist for mGluR4 (10) . Electrophysiological studies with isolated taste cells have also shown that L-AP4 mimics the hy Possible involvement of NMDA receptor in taste transduction for umami has been suggested by the find ings that MSG and NMDA activate a cation condduc tance in membrane vesicles from mouse tongue incor porated into bilayers (14, 15) . Calcium2+ imaging stud ies also showed MSG and NMDA-induced increase in intracellular Ca2+ concentration in isolated mouse taste cells (16) . In addition, whole cell recordings of isolated rat fungiform taste cells have shown that NMDA elicits depolarizing response with either enhancement by glycine (NMDA receptor coagonist) or suppression by D(-)-2-amino-5-phosphonophenylglycine (NMDA re ceptor antagonist, D-AP5) (12) . However, recent behav ioral studies in rats suggest that the taste of MSG may be different from NMDA (17) , and that a combination of NMDA and IMP, but not L-AP4 and IMP, does not result in a synergism (18).
The C 57 BL mouse is reported to show high behav ioral discriminabilities between MSG and the four basic substances as compared with rats (6), hamsters (19) and other strains of mice (20-23). However, there is no available data on their behavioral responses to L-AP4 and NMDA, although their taste nerve responses have partially been analyzed (2) . In the present study, there fore, we compared taste similarities and differences among MSG, L-AP4, and NMDA using a conditioned taste aversion paradigm in C 57 BL mice. 
RESULTS
Conditioning to MSG, L-AP4 or NMDA Figure 1 shows patterns of suppression of licking across 7 taste stimuli after the mice were conditioned to avoid 30mM MSG, 10mM L-AP4, 0.1M sucrose or 50mM NMDA. The dark columns indicate that lick rate after conditioning was statistically significantly smaller than that in the control group (p<0.05-0.01, t-test). The generalization pattern was similar between the 30mM MSG and 10mM L-AP4 groups. These animals avoided 30mM MSG, 0.3mM IMP, a mixture of 30mM MSG and 0.3mM IMP, and 10mM L-AP4, but not 0.1M NaCl, 1mM HCl, 0.1mM quinine hydrochloride and 10mM NMDA. Aversive conditioning to either 0.1M su crose or 50M NMDA was generalized only to a mix ture of 30mM MSG and 0.3mM IMP or to 0.1M NaCl. However, aversive conditioning to L-AP4 at 1mM was generalized to 0.01-10mM NMDA as well as a mixture of 0.1M MSG and 0.3mM IMP (data not shown).
Effects of mG1uR4 antagonist on behavioral responses
After acquisition of learned aversion either to 30mM MSG ( Fig. 2A ) or 10mM L-AP4 ( Fig. 2B) , lick rates for 0.1mM L-AP4 increased to statistically significant lev els by mixing it with 1mM CPPG (p<0.001, t-test). Similar antagonism by 1mM CPPG was also observed when 1mM L-AP4 was used as a conditioning stimulus (p<0.001, t-test, data not shown). Fig. 3C ).
Effects of NMDA receptor coagonist and antagonist on be havioral responses
Gurmarin inhibition of a synergism Figure  4 shows the effects of gurmarin and ƒÀ-CD on marin completely suppressed CT nerve responses to a mixture of MSG and IMP dissolved in amiloride solution (6) . In contrast in C 57 BL mice, gurmarin suppressed CT nerve responses to a mixture of MSG and IMP to -65% of control, while it did not affect GL nerve responses to any of the taste stimuli, including umami substances (2) . Taken together, these findings suggest that umami substances may stimulate gurmarin-sensitive sweet re ceptors of rat taste cells in the fungiform and a portion of the foliate papillae (innervated by the CT nerve). The fi ndings also suggest that in C 57 BL mice responses to umami substances may be mediated through both gur marin-sensitive sweet receptors and non-sweet receptor mechanisms of taste cells innervated by the CT nerve but through only the latter mechanisms of those in the vallate and foliate papillae (innervated by the GL nerve). Aversive conditioning to NMDA in C 57 BL mice is generalized to NaCl, but not to the other taste qualities, including umami. Similarly, MSG or 10mM L-AP4-con ditioned mice display no aversion to solutions of NMDA. In rats, conditioning to MSG dissolved in amiloride solu tion did not result in aversion to NMDA (10, 17) . These results suggest that both mice and rats may find the taste of NMDA quite different from that of MSG. However, conditioning to L-AP4 at 1mM in C 57 BL mice is generalized to NMDA. In addition, avoidance of NMDA in 1mM L-AP4-or NMDA-conditioned mice is ei ther enhanced or suppressed by mixing it with glycine or D-AP5. Whole cell patch-clamp recordings of rat fungiform taste bud cells (12) have also shown that NMDA receptors share some properties with their brain form (25), such as co-activation by glycine and suppres sion by D-AP5. Although behavioral studies in rats showed no synergism between NMDA and IMP (18), the CT nerve in C 57 BL mice showed synergistic re sponses to the mixture (2) . In addition, several types of NMDA receptors were detected in rat lingual tissues (10) . Collectively, these data suggest that NMDA recep tors located on the apical membrane of taste cells may be involved in taste transduction for umami in both mice and rats.
MSG
Taste sensitivity to the umami substances in mice has been shown to be dependent on the strain, the taste nerves, and on age. Magnitudes of the synergism in the CT responses are greater in the order of C3H> C57BL>BALB mice (20). Taste information conveyed by the GL nerve fibers plays a relatively more important role in the qualitative discrimination between MSG and the four basic taste substances (21-23). Expression of mGluR4 in the vallate and foliate taste buds is higher in pre-weanling rats compared with adult rats (10) , corre sponding to greater responses of the GL nerve to MSG in juvenile mice (26). We are now on the way to examine if and to what extent such a difference in sensitivity to the umami substances would be reflected in behavioral responses.
In summary, the present results together with previ ous findings support the idea that both taste-mGluR4
and NMDA receptor as well as amiloride-sensitive Na+ channel and gurmarin-sensitive sweet receptor may be involved in taste transduction for umami substances in C 57 BL mice.
